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Outline

A Development of ultrafast laser

A Accelerator applications

I Stable timing and synchronization

I Highprecision timeof-flight

I Technique primarily used for FEL accelerators
A Ultra-stable DAQ sampling system?



Ultrafast Lasers

Some key steps to development of ultrafast laser
A Development of widdandwidth gain materials
I Ti:saphire Erbiumdoped and Ytterbiundoped fibers
A Advent of passive modecking over active
I Allows for femtosecond laser pulses

A Rapidgrowth of diode lasers
I Stable pumpingy stable laser performance
I Increased pumping efficiency
A Commercial availability of key components/systems
I Much driven by the telecommunication industry
I Ultrafast Erbium (1550 nm) fiber lasers everywhere
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Were Lasers are Today

N peak power, PW
N average power, kW

N energy, MJ

A Ultrashortpulsesfs/sub-fs

A IR ~ UV/deep UV/Softray

A High stability/turn key, 24/7 operation
A Compact, suitcase size/100 W

A Broad commercial availability

But not all in one package!
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Typical Commercial Fiber Laser

: C-Fiber: Spectrum of the fiber-coupled output port (LC/APC)
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optional amplifier at 100 MHz repetition (Data source: System No. 9190, Test Data Sheet)
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C-Fiber A: Autocorrelation

Broad spectral bandwidth: ~ 60 nm -
pulse length <96s > AR gt
average output power >250W @ 100 MHz |
synchronization to external clock signal

A Low phase jitter
high stability, reliable operation
truly turnkey operation by selftarting mode
locking mechanism | L) |
~ $30-60K and dropping h Tie @)

Optical output power: 169 nm, autocorrelation width: 87 fs, calculated pulse width: 62 fs
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Laser and Synchronization

* Achieved <20fs jitter on 100s meter scale

Optical Master Oscillator
Mode-Locked Laser

* High precision timing and sych. with lasers/optical technique

e Microwave/Optical
Standard
Timing Stabilized Optical Fiber Links
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Systems
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Courtesy F. Kartner

5. ZHANG, BIW2012, Newport News, VA Jefferson Lab

Courtesy oEhukuizhang(Jefferson Lab)
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DESY Femtosecond Resolution Bunch
Arrival Time Monitor for FELs*

Optical synchronization systems
A Basedon modelocked fiberasers
A Pulsesare distributed over length stabilized fibkmks

A Providefemtosecond stability for the next generation of
free electron lasers.

Bunch Arrival Monitor (BAM)

A Basedon bunchinduced signal in a broasand beam
pick-up

A Invokesan amplitude modulation in a train of short laser
pulses

A Laser pulses detectaslith a photo diode and a fa®DC

*Courtesy of Floriahoehl(DESY & CLASSE)
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Optical Synchronization System

remote
To locations

mg:i_zggzlzjed n n fl_h n (distribution

fiber laser J optical pulse train L unit

] tow bandwidth lock length stabilized
fiber-links
long-term stable
frequency source

* Timing information is encoded in precise laser repetition
frequency.

* Non-linear optical methods are used for high resolution
timing measurements.

Scheme initially proposed by F.X. Kaertner Group, MIT

=E May 2010, BIW, Santa Fe, New Mexico
gr=d  Flonan Lohl, Comell University

Courtesy of Floriahoehl(DESY & CLASSE)
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Fiber Length Stabilization

dispersion
piezo- c.ompensating optical
stretcher fiber delay-stage
e ix
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216.7 MH2\ 5 I____’;_. I _____ . | 300 m long
rep.rate  [[] [N\ I I H piezo fiber-link 7
Er-doped [ [\ U i@ U | driver (standard A
fiber laser mirror 4 single mode
fiber)
balanced optical digital requlation
T|m|ngj|tter< 6.I:S cross-correlator | " (ADCs+DSP+DAC)
[10kHZ, 40 |\/||']Z EDFA
A Allows for very D 4
precise timing <o 500

Faraday rotating mirror

Note: Berkley has developads

timing system based on CW laser In collaboration with MIT

May 2010, BIW, Santa Fe, New Mexico EIE 'FI
Florian Lohl, Comell University - .5,. ﬂ

Courtesy of Floriahoehl(DESY & CLASSE)
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Principle of Bunch Arrival Monitor
it oaril [ [ I Py [y |

beam
pick-up

The timing information of the
electron bunch is transferred into A laser pulse samples the
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l sanling time of ADC

photo detector and sampled by a induced plckup S'Qnal-
fast ADC.

electron bunch arrival time: ‘
- early

- correct

voltage modulating

¢ the laser pulse amplitude
f

i Commercially available
with bandwidths up to 40
GHz

S i e s : reference laser pulse
*  Niobate . ;

beam pick-up signal

Courtesy of Floriabhoehl(DESY & CLASSE)
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Bunch Arrival Time Monitor (BAM)
Schematic Setup

laser [aboratory length stabilized optical BAM front-end
fiber linky
I-Mastrer fberlink | — link end A
ass distribution to other links
Osclllator
measurement optical optical
ADC i _@ \¢ EOM2 H gelav line delay line
108 MHz []pulse 3 Y with position
16 Bit shaping _@\ pick-up signal 4Cattenuator- Sheader
clolck \iitup signal +=(limiter
ADC clock ‘ TEC
generation —@‘\\\\ measurement
h)

May 2010, BIW, Santa Fe, New Mexico

4 Florian Lohl, Comell University
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Arrival-time along the FLASH Bunch Train
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May 2010, BIW, Santa Fe, New Mexico

[
=2 Florian Lohl, Comell University

Courtesy of Floriahoehl(DESY & CLASSE)
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Measurement of the BAM resolution
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Difference between both measurements caused by:
* BAM resolution
« Stability of fiber-links
- Fast laser timing jitter (~3 MHz — 108 MHz)
Stability of a complete measurement chain: <6 fs (rms)

May 2010, BIW, Santa Fe, New Mexico

= il _.-""'-.I UH
#050  Florian Lohl, Comell University \ Sl /

Courtesy of Floriahoehl(DESY & CLASSE)
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2010 BIW FARADAY CUP AWARD

2012award (in its 11th edition) was assigned to Kirsten Hacker (DESY) and Dr.
FlorianLoehl(CLASSE) feemotosecon&esolution Beam Arrival Time Monitor
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Generic High-Stability Digitizer?

Does Project X (either accelerator or experiments) havi
the need tosynchronize/measurevents to the ~ 1@s

level?

A Can we make a system similar to loast version of
the DESY stabilized timing and BAM system?
I Use a single clock source with many stabilized fiber links

I Use electreoptic modulation (EOM) to sample beam

and/or experimental signals
AMay be able to sampl e aftphasep t c

stability
A Cost would primarily in multiple EOMs (~$2K to $5K each)

A Possibly integrate multiple EOMSs into single substrate (R&D)
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Summary

A Laser technology has advanced dramatically in recer
years

A Stability and small pulse width of ultrafast lasers are
being applied to accelerator systems

A Ultrafast laser are allowing measurement of events ir
the femtosecond regime

A Can we use this ultrafast timing technology for
Project X?

I Develop a generic ultratable digitizer?



